This paper uses a Dynamic Conditional Correlation Model to examine financial contagion phenomenon following the American subprime crisis. This model, which is developed by Engle (2001Engle ( , 2002, Engle and Sheppard (2001) and Tse and Tsui (2002) as an original specification of multivariate models' conditional correlations, allows tracking correlation evolutions between two or more assets. Our sample consists of six developed countries, including the crisis-originating American market, and ten emerging countries. Data frequencies are on a daily basis reflecting the January 3 rd 2006 to February 26 th 2010 period. The obtained results seem to point to an amplification of dynamic conditional correlations during the crisis period which stretches
Introduction
During these last few years, news about multiplication of financial crises is well covered along with the devastating effects incurred by financial markets worldwide. The most recent crisis, which is the American mortgage market crisis, resulted in catastrophic losses. Several studies have tried to explain the reasons of these financial setbacks and the mechanisms of their spread across the globe. In fact, one can see in the negative effects induced by the subprime crisis and incurred by financial markets worldwide a looming sign and may wonder about the existence of a contagion phenomenon across different financial markets worldwide.
To this effect, it is necessary to define the notion of contagion which, despite several and advanced studies, remains hard and complex to identify. Indeed, contagion may be defined as the spread of markets' turmoils from one country to other financial markets. Economics literature succeeded in identifying several possible mechanisms causing the spread of turmoils from one market to another. During these few years, studies on contagion phenomena are abundant; we can mention those of Allen and Gale (2000) , kyle and Xiong (2001), kiyotaki and Moore (2002) , Kaminsky, Reinhart and vedh (2003) , Brunnermeier and Pederen (2005, 2009) . Masson (1998 Masson ( , 1999 identifies three types of contagion. The first refers to an effect known as Moosonal where countries are simultaneously affected by crises caused by a common shock (for instance, increase in American interest rates), which in turn provokes a withdrawal of offshore funds. The second, known as spillovers, is linked to interdependencies between countries. In this case, a crisis hitting one country may provoke a substantial effect on the macroeconomic fundamentals of neighbour countries as inter-countries trade and financial transactions are already in place. Finally, the third type is known as pure contagion. Known for Forbes and Rigobon (2000) as shift contagion, this pure contagion is a panic movement, not justified by economic links, and which is triggered when agents withdraw their funds from other countries following a crisis in one country. In other words, contagion is not necessarily induced by economic fundamentals but rather it is a consequence of investors' psychological behaviour. Indeed, several studies agree that correlations between markets and their transactions are at the heart of any international portfolios diversification strategy. Calvo and Reinhart (1996) and Kaminsky and Reinhart (1999, 2000) consider fundamental contagion when induced by real and financial interdependencies between countries (referred to as fundamentals-based contagion). In this case, crisis propagation is caused by financial and trade links. According to Forbes and Rigobon (2000, 2002) , trade and financial links are the main crisis-transferring mechanisms. These links are expected to be stable, i.e. they remain constant before, during or after the crisis. They are high whatever the circumstances. The works of Eichengreen, Rose and Wyplosz (1996) , Glick and Rose (1999) illustrate that trade links are the main factors of transferring crisis across markets. However, Kaminsky and Reinhart (1999, 2000) underline that countries which have trade links should have as well significant financial links in order to facilitate exchange of goods and services. According to Kaminsky and Reinhart (1999, 2000) and Broner and Gelos (2003) , the financial channel reflects connections between countries in terms of equities or loans portfolios. In this case, it is possible to consider banks' roles in inter-countries crisis propagation. Allen and Gale (2000) developed an inter-bank contagion model to illustrate how deposits' crossed detentions might trigger a first-order propagation of cash shocks across markets. Kaminsky and Reinhart (1999, 2000) and Sbracia and Zaghini (2001, 2003) highlighted the effect of banks' debts on transmission of shocks. Dornbush, Claessens and Park (2000) and Edwards (2000) distinguish between three propagation channels. These are the multiple equilibrium mechanism, liquidity/cash flow endogenous shocks and information asymmetry. As far as the multiple equilibrium mechanism is concerned, this latter is produced when a crisis in one country may badly affect economic equilibriums in other countries. Masson (1999) , using multiple equilibrium-based macroeconomic auto models, showed that a crisis in one country may coordinate and stigmatize investors' expectations by making them move from a good to a bad equilibrium in another country. Change in investors' expectations and not in real economic links moderates the passage from a good to a bad equilibrium. In the case of liquidity endogenous shocks, a crisis in one country may provoke a decrease in investors' liquidity. In order for these investors to satisfy their cash needs, they are forced to compensate their portfolios by selling offshore assets. Calvo (1999) underlines that liquidity endogenous shocks intensify in situations of information asymmetry between agents. Indeed, in order to satisfy benefit margins following a liquidity shock in a given economy, informed agents may proceed to selling their assets in other countries. The uninformed agents who notice this behaviour are unable to accurately identify the cause of such behaviour. They tend to follow informed agents in their behaviour believing that such is a bad signal indicating a slackening of economic fundamentals in the given country. This mimetic behaviour resulting from an ill interpretation of informed agents' behaviour tends to amplify the initial crisis.
In this paper, we examine contagion phenomenon as induced by the subprime crisis that started in 2007 in the American risk-based mortgage market and which spread worldwide. To this effect, our empirical analysis attempts first at examining the simple correlation between the American market and other European and emerging markets before and after the crisis. Then, we refine our analysis through estimating the dynamic conditional correlation model developed by Engle (2002) and Engle and Sheppard (2001) . The aim of this method is to show how market correlations vary in time and especially to point at their amplifications during the crisis. The correlation-based contagion test defines contagion as the significant increase of assets' price co-movements. Against this line of thinking, we try to test contagion by examining variations in conditional and unconditional correlations between the S&P 500 American stock index's returns and those of the other markets of our sample before and after the crisis. More specifically, the purpose of our empirical analysis is to study the correlation between the American market and the other markets which include 6 European markets and 10 emerging markets. This paper is structured as follows. The second section presents the data used for the analysis as well as the descriptive statistics and the simple correlations output. Section three estimates the dynamic conditional correlation model. Section four presents the conclusions.
Data and descriptive statistics
The data used in this study are daily returns of stock-price indices from January 2, 2006, through February 26, 2010, for six developed market and ten emerging Markets that were seriously affected by the subprime crisis. The data set of developed markets consists of daily returns of the stock indices of United States (S&P 500), French (CAC 40), Germany (DAX), Netherlands (AEX), United Kingdom (FTSE 100) and Italy (MIB 30 Following is the descriptive analysis and graphics of the used data. Descriptives for stock indices' returns are run for the two country groups and over the two sub-periods; before and after the crisis. We shall complete our descriptive analysis by examining the simple correlations between the American market and the other markets before and after the subprime crisis. We present as well graphics on the different markets' returns in order to compare them with the American S&P 500 stock index.
[Insert Table 1 here]
With reference to these descriptives, we note that the variances of the different returns' series neatly increased during the subprime crisis. All the returns' series are not normally distributed (Skewness ≠0 and Kurtosis ≠ 3). We note as well high kurtosis values, generally superior to 3. These suggest that distributions of the different markets' returns are leptokurtic.
[Insert Table 2 th 2010), we note that the correlations between the different markets, both developed and emerging, and the American markets considerably increased during the subprime crisis and became significantly different from zero, except for the UK and the Netherlands. These results illustrate that the dependence of the developed markets (France, Germany, and Italy) on the American market has progressively intensified during the subprime crisis.
[Insert Table 2 here]
The descriptive statistics for the emerging economies indicate that the variances of the different series' returns neatly increased during the crisis, except for Tunisia. All series' returns are not normally distributed (Skewness ≠0 et Kurtosis ≠ 3). We note as well high kurtosis values, generally superior to 3. These suggest that the distributions of the different emerging markets' returns are leptokurtic.
[Insert Table 4 To refine our analysis, it is fit to show how correlations evolved during the crisis. To this effect, we use the dynamic conditional correlation method (DCC-GARCH) developed by Engle (2001 Engle ( , 2002 , Engle and Sheppard (2001) and Tse and Tsui (2002) .
In order to check for the relevance of our approach to estimating dynamic correlations, we propose to analyse contagion phenomenon over the two sub-periods; the above-mentioned stable period and the crisis period.
The Dynamic Conditional Correlation Model
The DCC model is a dynamic specification based on conditional correlations within GARCH or multivariate ARCH models and is developed by Engle (2001 Engle ( , 2002 , Engle and Sheppard (2001) and Tse and Tsui (2002) as noted above. It is a recent method allowing simultaneously modeling of variances and conditional correlations of several series. The estimation consists of two steps. First, we estimate the conditional variance of each variable using a univariate ARCH procedure. Second, we use the standardized regression residuals obtained in the first step to model those conditional correlations that vary through time. 1, 2,3...,
Presentation of the model
With the usual GARCH restrictions of non-negativity and imposed stationarity, such as non-negativity of variances and
Then, the proposed dynamic correlation structure is： 
The typical element of 
Interpretation of Results
The following graphs produce the evolution of conditional correlations during pre-crisis period.
[Insert Graph 1 here]
The graphs reporting evolutions of dynamic conditional correlations for the two markets, developed and emerging, with the American market seem to point to a weak correlation during the pre-crisis period. Indeed, during this period, conditional correlations of the six developed countries do not exceed 30%, with some up and down tendencies noticed. This conclusion is true for the emerging markets which record low dynamic correlation coefficients during the same period. Exceptions are China and Hong Kong where correlations approximate 60%.
The contagion test, based on correlations, defines contagion as the significant increase of stock prices co-movements. We see it fit to examine stock indices series' returns after the crisis before estimating conditional correlations during the crisis.
[Insert Graph 2 here]
It is clear that during the crisis period the returns of developed and emerging countries' stock indices witness a high volatility, except for Malaysia. These results point to an increase in returns' correlations between the American market and the other markets of the sample. In order to better assess these interpretations, we thought it necessary to use a dynamic conditional correlation model to view correlation variation through time.
[Insert Graph 3 here]
Examining the graphic evolution of correlations between American market's returns with the other developed and emerging markets leads to the following observations:
For the developed countries, all conditional correlations between the S&P 500 stock index's returns and the returns of the 5 developed countries are sometimes negative and sometimes positive. However, it is almost clear that by the end of the crisis correlations considerably increased to exceed 80% for all developed markets. Conditional correlation is much more pronounced since the start of the crisis in 2007. The coefficients are dynamic and reach a peak in 2009. We conclude that there is a contagion effect of the S&P 500 index on developed stock market indices. According to Kaminsky and Reinhart (1999, 2000) and Broner and Gelos (2003) , it is possible to see that this contagion is triggered by the financial channel which reflects connections between developed countries in terms of equities or loans portfolios.
For emerging countries, the obtained results allow us to classify these countries into three groups according to the level of correlation with the American market. The first group includes three countries with high conditional correlation with the American market during the crisis; Brazil, Mexico, and Argentina. Indeed, correlation levels for these countries reach 80%. The second group includes three countries with moderate conditional correlations approximating 50%; India, Malaysia and Singapore. The third group includes countries with weak conditional correlations with the American market. These are, China, Hong Kong, Korea and Tunisia, with correlations less than 20%. For the case of Tunisia, the correlation does not even exceed 12%.
Conclusion
The current international financial turmoils which started with the American risk-based mortgage crisis in 2007 have revealed a high interdependence between financial markets worldwide. In this paper, we set to test financial contagion between the American market and several other financial markets of 5 developed countries and 10 emerging countries. To this effect, we used stock indices daily returns of these markets observed over the January 3 rd 2006-Febrauary 26 th 2010 period. The application of the dynamic conditional correlation model seems to point to an increase in dynamic conditional correlations following the start of subprime crisis. More specifically, we noted that returns conditional correlations of the S&P 500 stock index and the five developed markets (France, Germany, Italy, Netherlands, United Kingdom) considerably increased during the crisis period with values sometimes exceeding 80%. In the case of emerging markets, the results show that conditional correlations allow us to divide these countries into three groups. The first group, including Brazil, Mexico and Argentina, is characterized by a high dynamic conditional correlation with the US market. The second group, composed of India, Malaysia and Singapore, presents correlations variable in time and do not exceed 50%. The third group, composed of China, Hong Kong, Korea and Tunisia, records weak dynamic conditional correlations with the US market and seems unaffected by the subprime crisis. Finally, it is sound to conclude that during the subprime crisis, contagion is strong between the US and the developed and emerging countries (notably for the first and second groups). These results corroborate the conclusions forwarded by Longstaff (2010). Finally, we would like to signal that studying dynamic conditional correlations between markets is very rewarding at so many levels, notably with respect to international portfolios' diversification. Indeed, if correlation between markets is taken into consideration by international portfolio diversification models, it is convenient to add that this correlation varies through time. 
Appendix: Note on the processing of daily data
In so far as our data is daily-based and in order to facilitate its processing, we substituted the dates with observations. This allowed us to resolve the problem of quotations' unavailability (weekends, holidays, etc ..) 
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